Abstract
Introduction
Insect behavioral studies are time consuming. The surface prospected by a parasitoid looking for host (larva) has always been considered to be an important feature of host and parasitoid associations. For most insect parasitoids, the last step of host-finding behavior is predominantly performed by walking [1] , [2] . Various attempts have been made to understand the walking path of parasitoids. However behavioral studies include larva has soft and flexible body and the motion is dymamic in nature. Jason et al. studied dynamic analysis of larval locomotion in Drosophila chordotonal organ mutants using Dynamic Image Analysis System (DIMS) [3] . Free living warm Caenorhabditis elegans phenotypes' features were extracted and classified using computer vision and digital image analysis techniques. The characteristics of the worm's movement, posture and texture information were extracted from a 5-min image sequence [4] . However each system is capable of measuring some specific behavioral parameters, but there is no automated system that is designed to analyze the behavior of the host (larva) as well as parasitoid simultaneously.
The fundamental problem in tracking multiple objects from frame to frame is correspondence between frames. A general approach to tracking is to establish correspondences between points, or sets of points, in successive frames. Structural constraints on the relative positions of object points are imposed by the shape of the objects being tracked. Typically this problem is solved by extracting various features of an object and matching them across the frames. Hence feature extraction is one of the major processes.
In this paper, we present new automatic methods for feature extraction based on morphological operations and invariant moments. From image geometry, the joined larva and parasitoid were separated and larva body parts head, trunk and tail and parasitoid were classified using invariant moments. This approach can be divided into several well-defined stages, as presented in Figure 1 . 
Materials and Methods

Insect Cultures and Video footage
The cultures of Opisina arenosella/ Corcyra cephalonica and Goniozus nephantidis were maintained in Entomology laboratory at Central Plantation Crops Research Institute (CPCRI), Kasaragod, Kerala, India. G. nephantidis culture maintained on O.arenosella was used for the study. The parasitoids were cultured by placing the adult female wasp and larvae of O. arenosella in a vial of 2.5 x 10 cm plugged with cotton. Drops of 50 % honey (in water) placed on the wax coated paper served as food. All the cultures were maintained at 25 0 C and 65 -70 % RH with a constant dim light illumination. The size of the parasitoid was 3mm and the larva size was seven instar (approximately 15-25mm). The movements of the host and its parasitoid were recorded at 25 o C between 9:00 -16:00 hours by the JVC TK C 1380 charge-coupled device (CCD) video camera. The camera was fixed vertically above the Petri dish. The data was captured in 576x720 resolution, 30 frames per second and stored in windows media video format. Each batch was recorded for 5 minutes. Backlight was used to create maximum contrast between the insect and the substrate [5] .
Segmentation of larva and parasitoid
The segmentation process started with background subtraction. The static background (Petri dish) was subtracted from every frame in video footage. The RGB image was converted into grayscale image. The sequential algorithm for component labeling was used to remove unwanted small objects fewer than 80 pixels [6] , producing a new binary image. The segmentation algorithms consider the joined insects as a single region in the binary image, implying a single insect. The joined insect body geometry, angle and width of the body were used to separate the joined insects. 
Larva head and tail separation
As the larva is highly deformable in nature many conventional image matching and tracking algorithms do not apply to this problem. We have separated the head and tail sections from the larva trunk to minimize the errors due to deformation, so that detailed motion information of the larva could be extracted. In this process the larva alone was taken separately and the morphological skeleton was obtained by applying a skeletonizing algorithm [7] . The two end points of the skeleton are potential head and tail locations. A 3x3 window was moved along the skeleton in both directions from the mid point of the skeleton to reach the end points. Two points were marked on the skeleton at 12 pixels inside from the each end point to isolate the head and tail sections from the rest of the body. The normal direction to the tangent of the skeleton was computed at each of the identified points to separate head/tail and the rest of the body.
Invariant moments
The image analysis system involves automatic recognition of an object in a scene regardless of its position, size and orientation. A number of techniques have been developed to derive features from an image, which are invariant under translation, scale change and rotation [8] [9] [10] . In particular, the invariant properties of regular moment functions have attracted many users to use them as pattern features in object recognition. Hu [8] The first one, φ 1 , is roughly proportional to the moment of inertia around the image's centroid, if the pixels' intensities are interpreted as physical density. The last one, φ 7 , is skew invariant, which enables it to distinguish mirror images of otherwise identical images. We have extracted seven invariant moments (φ 1 -φ 7 ) of larva and parasitoid which were given by Hu[15] . We also computed larva area, length, width at center and head/tail, fatness, eccentricity and lengths of major/minor axes of best-fit ellipse, height and width of minimum enclosing rectangle (MER), ratio of MER width and height, ratio of the larva area to MER area, angle change rate, head/tail/center brightness, local head/tail/center movement relative to centroid, and head-centroid-tail angle. The area, angle change rate, and movement features were calculated for the head, tail and trunk.
Results and Discussion
Experiments have been performed on real video footages acquired with a fixed video camera. We have analyzed a total of 18,000 frames. Larva and parasitoid were segmented from the image in video footage. In the process of skeletonizing the larva, it had branches ( Figure  2a ). These branches were produced because of the noise in the image. We have dilated the larva image to make the boundary uniform then applied skeletonzing algorithm to produce clean skeleton. When the larva walks the head moves more frequently than the tail (having to do with foraging behavior). To get the detailed analysis of the larva, it was cut into three parts head, tail and trunk using the above procedure (Figure 2b) . After separating head and tail from the larva's trunk to track these parts, the correspondence was established between these objects in successive frames using invariant moments ( Table 1) . The computed invariant moments φ 1 , φ 3 and φ 4 values were used for matching across the frames. We achieved better invariant moments when the image dimension was square and the background was black. In all the frames the tail had maximum φ 1, followed by the head. To classify between trunk and parasitoid, we used φ 1 and the quantity φ 3 /φ 4 , which is contrast invariant [11] . After establishing correspondence, the centroids of head, tail and trunk and parasitoid were arranged in order and plotted to trace the path (Figure 3 ). Larva body length and area were calculated by counting the number of pixels on the skeleton and binary image respectively. We also measured the motion of the head with regard to the centroid across the frames. The tail movement was also measured. These measurements calculated how much the individual body parts move relative to the rest of the body. The angle change rates were calculated for head, tail, and trunk regions as well as parasitoid. Some times the larva can travel backwards when the parasitoid comes right opposite the larva. This reversal in motion was an interesting characteristic. We stored previous 15 centroids of the tail. A reversal was detected when the new centroid was closer to any of the 14 previous centroid locations than to the most recent past. A reversal in motion is a manifestation of the threat to the larva by the parasitoid.
Conclusion
We have presented a new approach to track multiple insects specially the larva which is elastomeric in nature. This study demonstrated the use of image processing techniques for segmenting insects, geometrical method for separating joined insects, a detailed procedure for separating the head and tail sections from the larva trunk was illustrated to minimize the errors due to deformation, invariant moment features were computed and correspondence across frames was established using these features to arrange insect parts in order. This study automates the host searching behavior of parasitoid species which are used for biological control programs. The clues would aid in evaluating or designing pest management strategies.
The goal of developing a new approach for measuring the larva and parasitoid movements is to understand the dynamism in an image sequence. However, the quantitative analysis of parasitoid track has wider applications in insect behavioral studies. The researcher proposes to use this technique, in future behavioral studies of parasitoids in different environments. 
